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(54) SWITCHING CONVERTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To achieve the operation of 
zero-voltage transition with a small-sized and low-cost 
circuit without adding a particular transformer means in 
a switching converter. 

SOLUTION: In the switching converter that receives an 
input voltage at the primary wind[ngs of a transformer 
means via a main; 'switching dement ahd rectifies and 
filters the AC voltage generated at the secondary 
windings of the transformer means to convert it into an 
output voltage, two circuits are provided; a ZVT circuit 
made up of the tertiary windings of the transformer 
means and a series circuit of ZVT switching elements 
that turn on at the zero voltage an inductor, diode, and a 
main switching element connected in series to the 
tertiary windings; and a switching control circuit for the 
'on-ofF control of the main switching element and the 
ZVT switching elements. 
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•y ^ -tf D «J±T^ ^ > > ^ -ti:^ Z V T X ^ ^ 

t?5il?y[5]K «h J: 0 ?i ^ Z V T <i: , 

IBp^^ VX-i- •y^^-?CDiS^->;t>cfc »9^<. HUifiZV 
TX>r 'y^^-?(7)^->::f 7;6^'milBp'-f Vy^-f ^y 
<0^-y^yX ^^<t^^^0 CCmjiBfSX-i- .y 

IBKcox-Y -y ^V^'ZI >/^'— 

h X ^ ^y ^^^^ 3 > 1 c^il?iJIelg&-r-«fi!c ^tl^ 

T9^^V9^ yy'mn^Mm-t^mim i tjm 3 a)<5j 

nTJ^^dlBK^n/'cX-r -y ^>rn >/<-i5^« 
[i**3l 5 1 HulB U -tr *y h X ^ -y ^^^(i. SafB^ ^ > 

X-r •y^^^(D^~>:t>(i. HUifiU-b'y hX>r»yf^<^ 

^->^-7J:0^^<7^j:'i)J:'9(:: Mffl ^ ti. mJiB Z V T 
X^ 'y^^^(7)^->;t7(±. tulBy ^ >X-Y 'y^^-? 
(0 9-y:f7 J;:^^<U^XolzMM^ti^:zt^mWi 

tl»>t<li61 frfiBy ^ >X>< 'y^^^. ZVTX^-y^ 

m^f-. -j^m'^tmosm.FETizx^m. 
m.^n^mim 1 Ti^g 5 (DmtitHz%m.^nfz:>^^ y ^ 

[ft 7 ] HijiB^ V X -i- 'y St>*m)iB z v t x 

^•y^^^«:^>:t7 ^ HUlB X ^ -y ^ > r$ijffll (hI 

n;6^(ciH*cox-r 'y ^ v/N^-^ij', 

[tt>t<Ii 8 1 fiilBX •y ^ > ^'=r n'- ^ (cjE: U 

r HulB Z V T X -f 'y <7) - > :^ > BulB U -t •y 

h X Y 'y C7) ^ - >4> 7 ^ T-cOB#r0l^rS{t $ ^ ^: 

^ ^rttm^-r-Sfi*!! 1 TiM 7 (7){5in7!?^t::|B«cCDX'r -y 

[f»>t<119] A;^lli/±^. ^^VX-f-y^^^^^LT 
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2 

fuiB»tt*?tc:ia(j-/i:afiA#$j|<l:. dcT^aSi^l^f tc[fi?ij 

^irnaET*i5^->;f >^^^Z VTX>r ^y^^^^iicJ: 
>9^j:'i>ZVT[i]S&i:. 

BMlfi;''^ >X^ «y^^-?a£t/t3tuiBZ VTX^ ^y^^^ 
$::t>;r7$ySll-r'i./i:i60X>r 'y^>r»J@PIllg&<J:, ^ 
•i)X-r 'y ^V^'zi ^^7^ 

10 HUiB^^>X-r'y^^^(^i5'->;f>J:K)¥<. SulBZ 
VTX-r -y ^^?c7)5'->:t7 7i?^mJifi^ >X-r -y^^ 

Ci**il 1 1 ] mjIB-Y V^''^ ^ t LT. mjiBi^*I<hM 
ifiafiij^Jgt^Sn-r yr^9 >x^?Ufflr'i>cfc -9 tiHti^K 
$nTC^^lt*3igx(i 1 OiB^(Dx>r -y^vm 

mimi 2] HuiBs^+±m^^^M?lJ^^^g^$n/c. u-tr 
co{^n^MciB«$n/cx-r >y ^>r=i v^^-^^^o 

[ff3j<ii 1 3 3 buIBp' ^ >X^ "y i:tijlE»tt^^ 

<o^^^z^^ir^m^±^mkw^m\.'r:^tin.^±\z^mrt 
iB®$n/cx>r >y ^>r=i y^^-^. 

[if >RI1 1 4 1 SuiB i; -b ^y h X-Y -y falBy ^ 

>x >r 'y y(omf^t^tx.K^^ 0 \zn^^ -y 

(ommtm^-yibnxmm^iz%gm^n. t^-^. mfiBzv 

30 TX-f 'y ^^^CD^ — >:^->(i, huIB U -tr -y hX-T-y^ 

TX^ «y ^^^(7:>i5''-V;r7(i, mJlBy ^ >X^ -y ^(7) 

Sr^^^-r-Sfi*^! 2i3iet7)X^«y^>^^=rv/sr- 

[i**Iil 5] BUiB>^ VX-Y -y^^?. ZVTX^'y 
^m=F. y-tr^y hX>r 'y^^-?;6^MOSSFET(cJ:»9 
X51$n^ft>t<Ii9:RSl 4 0<Bjn;6>(CiSm$n^c:X-f 
'y -^^V^'n 

40 [W>l<ii 1 6 ] SolB^ ^ >X>r -y ^^^Sl/mJlBZ VT 
X ^ -y >^ '7$ljffli-'i> BUlBX >r -y ^ V ^?'*$ljffll 

%'^izmuxml^ZVT7.-( -j=f-%.^(D9 — yiryt^h 
mJlBU-t'y hx-r 'y ^^^c?:)^->4*7^-e(DB$r0l^, 

*IM 9 TiS 1 6 (0^t\.t^\zwm.(07.^ -J ^ > ^zi 
50 iS'o 
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[0 0 0 1 1 

/<'-9iz:^i,-j^^ZVT (Zero-Voltage-Transition) [11 
[0 0 0 2] 

m^(Dmm msi±. u.s. Patent bmmizm^.^^n 

■t^^Ztiz^n^ Zero-VoItage-Transition(^lij{'F^>'ll 

f^^f^m't^Ztt^< . Zero-Voltage-Transitionf7)t& 20 
[ 0 0 0 3 1 

y^^—Y^ y ^ >X>r 'y^^^^-t^n^/ET'^- 30 
>^>$-ii-^ZVTX>r •y^^^^Oia?iJ[p]^^<J; ^P?:^'!) 
ZVT[n]g&<h. mJlB^^ 'y^^^Ml/(CHuiBZV 
T X ^ 'V ^ * :^ > :t 7 Sljffll-T ^fz}b<D^^ ^ 

[0 0 0 4 1 m^^2ummmwmt^ mjiBzvTx 

^ -j'^m^(0 9-^y:^y tmt2 ;^ >r > X 'y ^ 
->^><i:0¥<. Bu!BZVTX-r "y^^^cO^-V^t 
'7 7!?>*mjiB^^>X^ 'y ^*^i7)^-~>;t7 cfc f9^<?'j:'i> 
ct -9 tCBUlBi^X^ 'y ^*?56^Ip1X! LT;^>;r 7$iJtP^n 
•i»;atcS>'5»o 40 
[0 0 0 51 ff*ll3IBm%0^c7)4r«ti. iuiB-rvr^ 

[0 0 0 61 M*il 4 iB«%0^f^4#mtix SufB 1 
\zm^\[zm&^nfz^ 'Jir-y hX>f •yf-^^.hnVT'V 

[0 0 0 71 fS*iI5fB«^0^(^#^t±. mJiBU-fe'y h 
X^'y^^^(i. mJlB^^VX^ •y^^-?^[WjBt:t>CO 

wp^*^?^ci:i.> J: n {zn^:^'y(^M^t^miihnx^^m&\z 50 
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lEtt^n. StJlBZ Vrx-Y 'yf^^^^^^^-V^V 

ti. mJlBU-b'v hX>r'y^O^~>^7J:»9 t-¥<>^ct'S> 
J:-9t-^W$n. mJlBZ VTX^ 'y^^-?C0^->^7 
(i. HUlBpi ^ VX-f 'y^*?£7)^->^Vj; n^-i) 

[0 0 0 81 i**J16iBtt%03tOit$mti. tulB^-f >X 
^•y^^.^. ZVTX^'y^^-?. U-fe-yhX^-y^* 

[0 0 0 91 m^miuwmncommt. tuiBy >x 

^ 'y^^^Sl/mjiBZ VTX^ «y^^?.^^>^7$iJtR 
-r'i>mJiBX^'y^>i:7^$iJSll[H]S&;6^ itaa^jt^j-Jg^^ 

[0 0 101 mmnmmm^mt^ BuiBx^-y^ 

>i7'=]>/s:-^(Z)ft^^tCj^;L;Tmj|BZ VTX-Y ^y^^^ 

[0 0 1 11 m^m^tmLwrnmrnt. a^«/±^> 
\m=¥-\,zWi^ifzm^ii%mt. z.(Dm^mm^m.wz\m. 

ffiEET-^->^>$^i:^ZVTX>f y^m'l't<i:^tj:^ 
ZWT^^t^ mjiB;^'Y >X^ 'y^^^Mt/fiimjiBZ V 
TX>f y^m^^t>:typ\m-t^tzisb(D7s-( «y^>^' 

[0 0 121 ff*iii otm^mcowmt^ tuiezvT 

X>f 'y^^^CQi5^->:t V;6^iijiB;^'<>X^ y'^m^<0 
^->:t>cl: »9#<. t(llBZVTX>f -y^^^O^-V 
:t7;6^BUfBp«-r VX-r >y ^^^i7)^->:t7i: *)^< 
-1) J: -9 tiiHUlBflX^ 'y LT^T >:t 7Mffll$ 

[0 0 1 31 fis*3ai \t^mmm(Dnmit^ mu-c>r 

^^t LT. SuiBS^ii§^mj!B?iBi!j#SiIc^^n'< 
[00141 iS*:S 1 2 IB^^H^coittSSti. SulBBJS^ 

?tcM?ijtc}^)^$n/c. ';-iz>y hx>r 'y^^^^hnvT* 
> -9- ^ c7) a^ijiug&T^ffi^ ^ n 'i* T 7^ 7' V > 7"iHig& 
^Mm-t^Aiz^^. 

[0 0 151 fg*ill 3iBe^0^(7)*tiS:ti. HUlB^-O 

[00161 ffi>!<ia 1 4 iBK%H^cof*lt(i. mjie U -y 
hX-r -y^^^ti. fJiBp«^ >X>f 'y^^^i[HlB#;e-> 

iznm^n. yb^r?. fJlBZVTX^ 'y^*^cO^->^ 
>t±. mjiBU-tr'v hX-Y 'y^O^->;^7i: 0 
'i>cl:-9lcMai$n. HUlBZVTX^ -y 
7t±, SalB^-r VX-f •y^<7)^-?(7)^->:t7<fc0 fc¥ 
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[0 0 171 tt*iii bmm^^no^rmt^ miz^^y 
10 0 18] ft*iii ^i^mmmwmt^ wm^-o 

[0 0 191 mim \ 1 %m.^mo:>wmt. iuiEx>r'y 

^ V r u >y ^ (OXtl'5L{tnM\zm L^ThuIE Z V T X 

^ -y ^^^CO^ — >;^>;6^t^mjlBU iT'v hX-f -y 

[ 0 0 2 01 

y^^:jy^<-^{zmmLfzMm'jmmm^^^-to xtim 
? u 2 mizm^^n^m'^uX:^mE,y i it^ 3 

izBmw^n^ h^>X^fS4 (7) m#j:*N 1 <?:MOSM 
F ETJ: ^^^'^'^y ^ >X>r 'y^^^Q 1 com^mS&izm 
iU^tl^o ^aii^X-Y'y^«^Q2 7!^^Q5 t> MOS 

[0 0 2 1 1 h^>X^S4<7)2»:#JAN2lcti. [WISB 

^gSfflx^'y^m?Q4. Q^mm^n. m^.Hitit^ 

f£M-7^;L.^6. 7 ^^LTtti:^?iS?8. 9 t^iiSgsm:^ 
^JEV0^{^t$SLTl>'5>p Ht-x h7>XOU-tr'y 

U-fe«y hX^ 'y^^^Q 2 ^=i>v">^5C0ia 

^ij[p]£&cJ: ^tj:^r^y'^r^^ 1 iJ^^ISN 1 

tm^lizi^m^tiri^^o 

[0 0 2 2 1 ^Mcoy'a y^lQ ti, *^0^c^4$®gp-e 
S>^Z VTlHlgS-e$)'i)o ^coI5]gS(7)1t;5^^i, h^vx^ 

>r^^ 1 K ^>r:r-K 1 2. ZVTX>r ^y^^^Q 
3 0^ci:^iB?iJ[i]S§<i: O/ci^o 3 <i^#JSN 3 ^ Z VTX 

-XfflJtti. A;^/ffi^ OftffifflffliJ 2 (A;SrvTN-r) 

[ 0 0 2 3 1 I 3lt^-( yx-f y^m^QimzfizZV 
TX>f •y^^?Q3(7):^>::r7^©JSP-t'5^ 1 XY-y^ 
>^-$iJtPlHlSS-e^O. Hu!E*Smffi;SA^-<-X(l:Lf:: 
®JWI-§-&Q 1 . Q 3 c^#y- h iziM^-t^o 1 4 y 

-b'y hx^ >y^m'f-Q.2(Dt>^y%:mm-t^m2x^ 

mitLiyy h LT/cmfi:;^.$r-<--X^ LZ-cSiJWf^SrQ 2 

[ 0 0 2 4 1 m 2 (i. ;^ ^ VX^ ^y ^^.^Q K 'j -Ir 'y 

hX^'y^^?Q2. Z VTX^ 'y^^^Q 3C7);?r>;t 

y%mm^(o9^ ^ y^'^^si-mmx$>^o >x 
^ -y ^*^Q 1 (ommm^it. m'&com&tthtjmKY o 
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t^mibH^^oiztyt^ycommt^m i x^ *y^>^^ 

SOtaiHlSSl 3iz^y)mm^ti^o 
[ 0 0 2 51 U-tr.y bX>r *y^^?Q2(7)$iJfflm-^Ci. 

y >r > X ^y Q 1 t tt{^;6^^{u;fg <h ?^cC -I) J: -9 
^^^1-1)0 <l(^B#. ?^ ^ >X^ 'y ^«^Q 1 t U-tr-y h 
X^ -y ^m'PQ 2 tl|H)B#;r XO^rel^Jj^^T^cf J: -9 iz^^t 

[0 0 2 61 ZVTX^-y^*^Q3tOi5'->:t>ti. 

10 <J:'9(cffl^LTl>^o St-. ZVTX>f •y^^^Q3c7) 

[0 0 2 71 HI 3 ti. ZVT|DI^&^^i5l^r>r >:5^^^ l 
K ^V^-F 1 2. ZVTX-r y^^^Q 3 <i: »9?'.i:'i> 

ia^ijii]s&^gKn'i>agt i <h^-f >xy ^^m^Q i k 
u>r > • v-xPbM/±v d s o55<*^^i-Sfg[iiT*$» 

D . <r t7)Sg5t i cc><^ffl tc J: 0 Zero-Vo I tage-Trans i t i on 

20 [ 0 0 2 8 1 El 4 TiMID 6 t:: J: »9 *5l0^»{^*l¥)fffll3|$i 

H^-r-^o I114i±. [12;^r/|li3 c7);J^ff^|2:|rS<>:S5), 

(A) (±^-r >X>f -y^^-^Q 1 c^y-hfl-^. 

(B) t±'j-lr-y hX^'y^^?Q2(^y-h{i^. 

(C) t±ZVTX^'y^^^Q3 0y-hff-^. (D) 

(E) >x>r 'y^^^Q loh'u^fy ' v-xm 

[0 0 2 91 12 4 ^^:ib%^r. :^>^:^l|iDCi 1 Jib^'^J'-v^- 
30 7. Cn{3[flKBLT:t7«^.C7)Q2;6^i$'->:t>-r'i>B# 
^ijt 1 tXOmm^T 1 . COB^giJt 1 i: OQ 3?6^*^- 
>^>-r'i)B#JiJt 2 ^•^(T^^PBT^rT 2 . C(DB#^y t 2 t:?^ 

3. ziomPlt S^^Qitrnxf^-y^y-t^txcD 

mm t 4 tX(DmrB^^T 4 . C f^B^jy t 4 »9 Q 3 :6^ll 

to 0 3 01 zvTdissi ommmmi:'^n^m^i 
mrB^T3n^Tbx (d) tciii/Ts$n'i)ck-9t--&?B 

ttt-ijfLtl. ^-f >X-r 'y^^^^Q 1 O KU-Y > • V-X 

40 PB^ffiffivdsti (E) [zmB^ti^^^izmmT Aom 

iz^'atxmTL. Vd s = 0<O'^mxt ACD^-i I > 

[ 0 0 3 1 1 i^T. ^mmr 1 t^st 5 iz^a^bmi'^^ 

1115. ^6ti:ci:Ogi0^"r'&o HI 5 t±*^B^col6{'Ft::Ka 
•r'i>±SgP^lll 1 7^^'itttBL/c[l]g^«^llT*)^o 116 

(A) 7bm (E) it. mfB^T\7bmTbiz^ii^mb(D 

-t^fziblZ^ ^>(^*i-&ti3SJiS,«"e. :t7(^jt'&t±H5 
50 [ 0 0 3 2 1 ^PbIT 1 OlSf^ (H 6 ( A#flS) ) : > ^ 
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x¥S4 <^ 1 (>^#JJIN 1 \z\,txiim.Ky i 3&^EPiDsn 

^ 1 1 t^^'^^f-K 1 2. ZVTX>l''v^*^Q3(7)il 

[ 0 0 3 3 ] mmTKomn (b) #m) : 

VX-f -y^S^Q 1 ;&^:t7^?'ci:0. U-fe'y hX-Y -y^Q 
2^^:^>. ZVTX-f •y5^^^Q3;&<:t7(7>^^. h7 

<>:#SiN3. -rv^'^^l \ t^-^^-Y \ 2tZVT 

[0 0 3 4 ] ««PBlT3(D|fi{^ (He (C)#!S) : ZV 

Ql;6^;^-7. U-fe y hX^ •y^^^Q2^^*;t>(^i§^. 
hv>X^IS4f?5 3<X#JIN3(^Ci. mm^^^\. N 
S^-r-SBt. Vc*N 3/N 1 <^«i±j6^^*L. ^n:«i>W 
Mzmw^n^o ZVTX^ 'V^^^Q 3 t± 

1114 (D) {Z7jKir^^\z,mmm^mi}\\'t^. 
[0 0 3 5 1 mmT Acomi'f (me (d) #m) 

{c, U-tr-y hX>r 'y^^?Q2;6^*:t7<hni:*9> >X 
-y^^^^Q 1 ;!^^*^7. ZVTX-r •y^^^Q3;6^^> 
t7)it^. ^ V:?''^^ 1 1 tigSn^mgS i ^— St^«J#L 

j:9^*r^ mA (D) ) o ^n>6^ p^-rvx^-y^m 

X-f 'y^^T^Q 1 <D KU-r > • y-xrelSffiVd s <Sr-if 

[0 0 3 6] mmTicomv^ cue (e) #m) : 

VX-r y^^^Q 1 (7) FU^ > • V-XPeTOilVd s ^ 
-lfa^ff<h7^j:o/c<hc:^T% >X^ -y Q 1 

>{cM»-rti(f> > >r >x>r «y ^m^Q i ti-tfam/s-e 

^->:t>-t'i»<, »;-tr'y hX-r •y^^^Q2(i:t7. Z 

Vrx-Y 'y^^-^^Ci^rvcDit-g-. h7>X^S4c^3<^ 
#J^N 3 ICCi. V i *N 3/N 1 com/±;6^^iL. cn:6^' 

>r >^*^^ 1 1 (oEpiD^n-So >5^^^ i i (om^i 

(i. 114 (D) iZTTsir^^iz.mWim^WPl'. -tfatc^S 

[ 0 0 3 7] B^^iJt 5T'(i. ZVTX^ 'yf-^^QSti 
:^7^/j:»9. y ^ >X^ 'y ^m^Q 1 ;6^^>> U-fe^yh 
X'i''y^Q2^^*^7<i:nj:oT. TltDtt^JcHO^ i^^T 

>:t7-r'i>o 

[0 0 3 8] J^^±l^i0BU/cK^fe^?»J^::;fel^r. h7>x^ 
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154 CO 1 {^*JIN 1 t 3<X#JSN 3 (7)S;S-^;6^#X . 

XI 1 ^:T^ffl<h-r'l>nx hiiMt^t^r^^^o 
[ 0 0 3 9 ] i/c. gl4 (D) {c^-rJ:-9tc> ZVTX 

10 -b-y hX>r -yf-^^Q 2;6^^->:t7-r.'i>^^ ^ >^'t 
3 ^-ecT^K^rBlTd (SBFpIT 3 ^h-iJct'i)) (i. ZVTX-Y 
•y Q 3 ^'&C\.^W3c^. i t'- i^^fi i p ^J:b<?'JM#. 

[ 0 0 4 01 7.^ -j=^y7^'=^y^^-'7tm^'^<o^\z^ 
m^^WM.{\L\^iz^mr^U%M\-z-t^h. ZVTX-f -y 
^*^Q 3 ^8i!n^«git i T'tl^^^^Sktc^tiDLTLt 

20 [0 0 4 1 ] *5l0^-etix ZVTX^'y^m?Q3ti. 

3 <>:#$^N 3 CD - >ST^ <! Ti£:^ll?^j:fttE^PgRt-'?> 

[ 0 0 4 2 1 *^BBt^{i6co|l*te«$rlft0^-r^o HI 1 (O^ 
im\'^\t. X^ «y^>:7*n>/N'-i$^(il»:#3gt2<i'!:#*i 
fcJ:t/3^^#JS^*-r'?» h7VX^WL.. Td^%Wi^^^ 

30 ^Nf'l4r•n^l^^:^:lci:'?>o A*mat£0:;b^5Jf»ffl(7)r3 >/< 

[0 0 4 31 mi ^^^^^^^(oi^i^mMm^TnLtzmf&m 

[iI7a)X-r -y^V^'^i V^<-i$^ti> XfjMS.^. :^ 

4 >X^ -y ^^^Q 6 ^:)>L-r»l4^^Mt^i#^Mmtc 
40 Sit. fiS14^?M(c^^-r'S>3^^iSEtA;'Jlii±<^fP> 

-::>^»9^^>X-i''y Q 6 tmi^n.^m^ :^.\z.^ 

^-t^mi. >x>r -y^^-^QG {c^^-r^m) 

[ 0 0 4 4 1 ZVT@S§3 OCi. Sitt^^Mt^HStt/cffi 
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